Nowadays, with the expansion of economic businesses and also the dependency of economic activists on the insurance industry to provide the capitals security, there is now a growing need to identify and evaluate risks of the insurance industry. Therefore, in this study, a comprehensive model was developed to evaluate and manage business risk by reviewing the research literature, extensively. For this purpose, an adaptive neuro-fuzzy inference system (ANFIS) was developed for every business risk after identifying the relevant dimensions and the criteria and collecting the necessary data from the central insurance databases. Finally, a general model was presented to evaluate and manage risks of the insurance industry. Four major problems were also considered: optimal and efficient normalization, optimal training for testing ratio for every neural network, model validation, and the easiness of user communication with the system. The results show that the model can provide an accurate estimation for risk evaluation and management. Thus, this system can be considered as an appropriate tool for business risk evaluation and management of insurance companies. Furthermore, the effectiveness of this method in evaluating and managing the risk at insurance companies can be turned into a neural network and such a neural network can be used as an appropriate decision-making support tool.
Introduction
Nowadays, insurance has been considered as a vital institution in the financial market. It contributes people to reduce the risks that they face in their daily lives. On the other hand, insurance companies are faced with various risks due to insurance policies they issue for policyholders. However, such companies seek certain solutions to reduce their risks (Soleymani et al., 2014) . Nowadays, with the expansion of economic businesses and also the dependency of economic activists on the insurance industry to provide the capitals security, and at the same time, the concerns of business companies to fulfill certain obligations to policyholders and maximize their own benefits, there is now a growing need to identify and evaluate risks of the insurance industry (Ghorbani Golsefidi, 2016) . In today's complicated world, with the increasing interactions and exchanges, it is greatly important to provide security for economic activists. Since economic activists or investors seek proper solutions to secure their capitals and reduce the effects of potential risks, insurance companies can be very helpful. In addition, risk and loss are the first words coming to mind when the concept of insurance is discussed (Karimi, 2013) .
Nowadays, insurance companies are mainly concerned to fulfill certain obligations for policyholders and maximize their own benefits. For this purpose, monitoring organizations approved specific laws and regulations to maintain the solvency of insurance companies at an acceptable level in every country. Furthermore, managers take precautionary measures and come up with new technical and financial solutions to take the necessary steps in the same direction. One of such cases is proper use of financial mechanisms. Hence, the use of financial mechanisms can improve the financial evaluation power of insurance companies and increase the level of policyholders' trust in such companies. These mechanisms also improve the performances of insurance companies (Paton et al., 2015) . The insurance companies should evaluate their solvency to take the risks of policyholders. Risk evaluation is one of the pillars of insurance whether in pricing insurance policies or in reciprocal contracts (Ansah-Adu et al., 2012) . In recent years, insurance companies have adopted new methods of risk evaluation for the optimal capital allocation, capital adequacy, and solvency. In traditional insurance companies, the management system of an organization often considers managing the risk of each of obligations and policies; however, it does not pay enough attention to the entire risk of the organization resulting from the aggregation of these risks. Due to the importance of risk evaluation and its application for the management and solvency of insurance companies in this study, we tried to present a system for risk evaluation.
Among the new modeling methods, fuzzy systems are of special importance in different sciences. They are daily used to investigate a wide variety of phenomena (Nilosey, 2016; Tao et al., 2010) . Such systems are mainly characterized by the ability to implement human knowledge with the use of specifically verbal concepts and fuzzy rules, nonlinearity, adaptability, and a higher level of accuracy in comparison with other methods when the available data are limited (Gocić et al., 2015) . A fuzzy system runs in accordance with the logical if-then rules. The starting point of developing a fuzzy system is to obtain a set of fuzzy if-then rules by using an expert's knowledge or the relevant knowledge (Jamshidi, 2003; Zadeh, 2007) . A useful tool can be a method of using the available numerical information to develop fuzzy logic rules. Another new modeling method is an artificial neural network. Such networks are so powerful mainly due to the fact that they can be trained according to training patterns (consistent inputs and outputs) and different training algorithms. Therefore, they can determine the relationships between input and output variables. The initial plans of such models are based on the learning pattern of the human learning system (Pérez-Gandía et al., 2010) .
The term ANFIS stands for Adaptive Neuro-Fuzzy Inference System. It has been used widely to investigate phenomena with nonlinear equations (Goodarzi & Freitas, 2010; Nikolic et al., 2016) . Therefore, the hybrid of fuzzy systems based on logical rules, and artificial neural networks which are able to extract knowledge from numerical information, enables us to use the available information to develop a model in addition to benefiting from the human knowledge. Thus, the resultant method is an adaptive neuro-fuzzy inference technique (Riahi-Madvar et al., 2009; Ebrat & Ghodis, 2014) . According to Insurance Bylaw 69 (approved by the High Insurance Council), policyholder risk classifications of International Actuarial Association (IAA), the requirements of International Associations of Insurance Supervisors (IAIS), statistical and modeling constraints on Iranian commercial insurance industry, the risk of a commercial insurance company consists of the following items in Iranian solvency model: insurance or underwriting risk, market risk, credit risk, and liquidity risk (Shahriar, 2014) . The aim of this study was to use an intelligent mathematical model to evaluate the risk of the insurance industry to introduce a solvency calculation model for Iranian commercial insurance companies.
Given the fact that the risk of an insurance company was resulted from the aggregation of insurance or underwriting risk, credit risk, market risk, and liquidity risk, four ANFISs were designed in this study. The input of the unwriting risk ANFIS included the premium and compensation obtained from fire insurance, the premium and compensation obtained from cargo insurance, the premium and compensation obtained from accident insurance, and the premium and compensation obtained from passenger accident insurance. The input of the market risk ANFIS includes portfolio value and real estate value. Moreover, the input of the credit risk ANFIS included the value of domestic demands and the value of foreign demands. Finally, the input of the liquidity risk ANFIS included current assets and current debts. Therefore, the aim of this study was to evaluate and manage business risk at Iranian commercial business companies with respect to the available information in 2015.
Review of literature
Many studies have been conducted on risk management and evaluation. However, no comprehensive studies have been carried out on this subject in the insurance industry. Niemeyer (2015) presented a new to evaluate the risk in life insurance. Another goal of the study was to examine the correlation between the two consecutive states at different times. Guo and Huang (2013) presented a theoretical model to determine different risks in the property insurance market in China. For this purpose, the structured VAR model was used. Lu et al. (2012) conducted a study to reach an optimal time insurance agreement facing several sources of risk. The results of the study showed that the optimality of time fractional insurance including expected insurable or uninsurable risks which would be positive, independent, or utility dependent. Then this model was compared with previously riskless models. Moreover, the optimally expected fractional and beneficial changes were analyzed by correcting the dependency and boundary structure.
Ghorbani Golsefidi (2016) conducted a study in which the treatment damages paid by Mellat Insurance (143000 records) were used to develop a data warehouse for multidimensional exploitation and reporting. After eliminating the defects and contradicting data, OLAP processing was used to design a data warehouse of the star topology. Considering the designed model, managers and other employees can observe all the factors affecting the insured risk at the same time. According to the reports on the model, then they can make the necessary decisions. Identifying risk factors contributes insurance companies to reduce the percentage of loss as much as possible by providing clients with an appropriate rate. On the other hand, customer satisfaction and loyalty can be obtained from the clients imposing little loss on the company by providing them reasonable discounts. Nazeri (2013) conducted a study to develop a decision-making model so that insurance companies could predict customer risk and adopt necessary policies. The research methodology was based on a standard data mining process. In other words, the data of previous customers were collected and refined to identify the variables affecting the risk behaviors of customers who were then classified as good (low-risk) and bad (high-risk). A class label was considered for each customer. The results of study showed that the C5 algorithm has better performance in customer classification in comparison with other algorithms. Hanafizadeh and Rastakhiz (2011) intended to provide solutions for insurance companies to determine the premium rate of car insurance based on the risk level of every customer. They also wanted to contribute insurance organizations to meet their goals and adopt appropriate strategies for each group of customers in order to improve their current positions in the market (Hanafizadeh & Rastakhis, 2011). Sehat and Alavi (2010) explained the factors affecting the increase in the payable compensation and the risk intensification related to the third-party insurance activities of companies in details. Finally, they dealt with certain solutions to reduce the risks of the third-party insurance in addition to the effect of the new law of the third-party insurance (approved by the Guardian Council on August 6, 2008) on the risk of this type of insurance. Mousavi et al. (2009) carried out a study in which a fuzzy expert system was introduced as an efficient tool for project risk analysis. Such a fuzzy expert system was designed to evaluate and prioritize project risks was validated scientifically. Manouchehri (2009) believed that risk is a subject which stands right against the luck. All of the insurance contracts, especially the insurance of individuals, are evaluated in accordance with risk and the estimation of risk affecting the destiny of contracts based on the rates of increase or decrease. Therefore, determining the risk of contracts and calculate the premium rate is important. For this purpose, different effects of risk on the insurance contracts of individuals were explained and defined along with different types of risk.
Methodology
This study in term of goal is applied and in term of data collection method is quantitative study. The knowledge data base includes knowledge of managers and experts in the field of insurance industry. These experts had enough knowledge about the insurance industry in Iran and with more than ten years of job experience. So, the indicators of insurance such as underwriting risk, market risk, credit risk, and liquidity risks were extracted by using insurance expert opinions. Then the exploratory factor analysis was used in SPSS 1 to reduce the available parameters to measure the insurance or underwriting risk, credit risk, market risk, liquidity risk. Data were collect from the almanac published by the Central Insurance in 2015. Then an ANFIS model was developed and evaluated. Fig. 1 shows the schematic view of the research method.
Fig. 1. Research Conceptual Model
In this study, the data were normalized and turned into numbers between 0 and 1. Then 70% of data were used to train the research model in which the system use training data to initiate the learning process with a neural network. Furthermore, 15% of data were used to validate the model. These data were actually used to check the fitness of model and validate the system. Finally, the other 15% of data were used to test the model. These data were used to check the generality and generalizability of the system. In this model the data were randomly divided into training, validation, and evaluation groups. There are two methods of using a neuro-fuzzy system: grid partitioning and sub-clustering. These two methods are mainly different in how they determine the fuzzy membership function. In the grid partitioning method, users determine the type and the number of membership functions for the input information vector. However, ANFIS determines the type of membership function with respect to the features of input information vector and the available classifications. In this study, the grid partitioning 1 See Statistical Analyses in SPSS by Momeni method was used along with a bell curve input membership function named Gbellmf and a linear output membership function with four input variables and three membership functions at 100 iterations for the system of calculating insurance or underwriting risk. There were two input variables and five membership functions at 100 iterations in the systems of calculating market risk and credit risk. Finally, there were two input variables and seven membership functions in the system of calculating liquidity risk. These inputs and functions resulted in the desired output which was the score of each risk at insurance companies. A hybrid method of neural networks and fuzzy techniques was used to train the research model. The studies (Alamdari et al., 2013; Riahi & Ayoob Zadeh, 2009 ) include the details on how ANFIS was developed. After designing previous steps and ANFIS and system validation, the system was modelled in Simulink.
2 According to Fig. 1 , the inputs are entered into the model after they are obtained. In ANFIS, the inputs (including the premium, maintenance share, and the outgoing revenue of maintenance share in fire, cargo, accident, and passenger accident insurances) are first multiplied by the risk factor declared in Bylaw 69 of the Central Insurance. Then the maximum result is entered into the system. In the next step, the received data are entered into ANFIS, the outputs of which are insurance or underwriting risk, market risk, credit risk, and liquidity risk of an insurance company, respectively. Then the total risk is calculated after denormalizing outputs. The total risk results from the root of total squared risk of the insurance company.
Fig. 2. System Modeling in Simulink

Results
The collected datasets were used to develop a new model to evaluate risks at insurance companies based on the capabilities of ANFIS. In neural models, nearly 50% of data were used as testing and validating data, and the other 50% were used as training data. Moreover, the optimal percentage for MSE, NMSE, MAE and R coefficient was 137.316, 0.2266, 9.6311 and 0.919, respectively (Table 1) .
2
Refer to MATLAB and SIMULINK Guide Book. In ANFIS model, 70% of data were used to train the research model in which the system use training data to initiate the learning process with a neural network. Furthermore, 15% of data were used to validate the model. These data were actually used to check the fitness of model and validate the system. Finally, the other 15% of data were used to test the model. These data were used to check the generality and generalizability of the system. At final the optimal percentage for MSE, NMSE, MAE and R coefficient was 289.4521, 0.8745, 15.3125 and 0.878, respectively (Table 2) . So, ANFIS model in comparison with the neural networks had desired optimal coefficient and validated. The data were normalized and turned into numbers between 0 and 1. Fig. 3 shows the process of training system for the insurance or underwriting risk. Accordingly, the system controls and corrects the training output instantly by using the validation data in the process of training the model in each period. In other words, validation is done within the training process simultaneously. The same procedure is followed in the other three systems market risk, liquidity risk, and credit risk as shown in Figs. (4-7) . After completing the training process and the phases of exterior system validation, testing data can be entered into the system without presenting the real outputs so that the model could predict the requested values. However, the following charts show the output values has been predicted by MATLAB in addition to the fitness of real and predicted outputs in relation to testing data. The following charts (5-8), , and Tables (4-7) show the success and high accuracy of ANFIS models. However, the above charts show the output values has been predicted by MATLAB in addition to the fitness of real and predicted outputs in relation to testing data. Also the above results show the success and high accuracy of ANFIS models. 
Conclusion
In this study, ANFIS was used to evaluate and manage the risks of Iranian insurance companies. Many of the conventional techniques due to probabilities and random processes cannot apply properly the relationships with ambiguous and fuzzy data. Therefore, ANFIS was validated by collecting a proper number of data and executed and trained in the software. The results have shown that ANFIS could be used to provide appropriate estimates for the future and the evaluation of the current status. What the outputs show clearly is that numerous data were used in this system so that it could perform the following way: First, a neural network was designed. Then nearly 30% of data were used as testing and validating the data, and the other 70% were used as training the data. Then the system was reconfigured. The same data were reused to evaluate the behavior of the system. The resultant numbers showed that the system could provide an accurate estimate of risk evaluation.
Therefore, the resultant system can be considered as the proper tool for risk evaluation. Unlike statistical and mathematical modeling methods, ANFIS is based on data. Thus, it eliminates the assumptions which may lead to oversimplification. So ANFIS relies only on the nature of realities, and it can be considered a reliable method.
Furthermore, the effectiveness of this method in risk evaluation of Iranian commercial insurance companies can contributes to take the steps and consider factors such as adequate data, the appropriate neural network configuration, the use of proper training methods, appropriate performance evaluation, and conversion into a neural network. Therefore, ANFIS can be considered as a beneficial decisionmaking support tool.
